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The Vasse-Wonnerup is a shallow intermittently-open estuary located near the town of 
Busselton, Western Australia and is listed under the Ramsar Convention as being an 
internationally significant area for birds. However, despite its ecological importance, the 
Vasse-Wonnerup and its catchment have been highly modified and the system suffers from 
excess nutrients and periodic episodes of low oxygen levels (hypoxia), which can lead to fish 
kills. A major constituent of the fish that die during these events are individuals of the iconic 
recreational species Black Bream (Acanthopagrus butcheri). Because Black Bream complete 
their life cycle within the estuary and typically do not leave, depleted populations of this 
species cannot be replenished from stocks in the marine environment (e.g. Geographe Bay) or 
from other nearby estuaries.  
Results from previous studies in the Vasse-Wonnerup demonstrated that, following a major 
fish kill in April 2013, there was very little evidence of recruitment (i.e. an increase in 
juveniles following the birth of new fish) of Black Bream later in that year or in the following 
year (2014). It was unclear, however, whether this was due to the environment at the time of 
spawning (i.e. winter-early spring) not being suitable for the survival of larval fish or to a 
lack of sufficient numbers of sexually mature (adult) fish present during the subsequent 
spawning period, and thus whether recruitment would continue to fail in the future. As a 
result, ongoing monitoring of the Black Bream population in this system was undertaken to 
determine whether recruitment continued to fail and whether the population of Black Bream 
had further declined.   
Numbers of Black Bream were recorded from the shallow, nearshore and deeper, offshore 
waters of the Wonnerup Inlet and Deadwater regions of the Vasse-Wonnerup in November 
2015 and February 2016 at sites that had been sampled previously. The relative abundance of 
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Black Bream in the nearshore waters, which are predominantly juveniles (0 year old fish, 
~ 60 mm total length) were compared with data obtained prior to and after the large fish kill 
in April 2013. The combined data indicated that the numbers of juvenile Black Bream 
recorded in nearshore waters in November 2015 and February 2016 were similar to those 
recorded in most seasons before the fish kill event. This provides evidence that, for the first 
time since the winter of 2012, Black Bream have spawned and substantial recruitment had 
occurred. Data from the offshore waters suggest that the catch rates of larger Black Bream 
(i.e. > 160 mm total length) have not increased and remain at the levels recorded immediately 
after the fish kill. Together, these data support the theory that the recruitment failure of the 
last several years was not due to a reduction in the numbers of adult fish as a result of the fish 
kill. 
The increased level of recent recruitment is very encouraging and it is hoped that the new 
recruits recorded in the nearshore waters during this study survive for the next 1-2 years to 
reach sexual maturity and spawn successful. Due to the extreme pressure from ongoing 
environmental perturbations and recreational fishing effort, continuation of the monitoring of 
this Black Bream population is essential in order to (i) track the ongoing recovery of the 
population, (ii) better understand the causes of the very poor recruitment in successive years 
after the April 2013 fish kill and (iii) to assess the relative severity of any subsequent fish kill 
events. This monitoring would help ensure that a viable population of this key recreational 
species remains in the Vasse-Wonnerup. Furthermore, because Black Bream reside within the 
estuary throughout life and are thus exposed to any changes in that environment, ongoing 
monitoring would also enable determination as to whether any future changes to the estuary 
and the surrounding catchment are having a measurable positive or negative affect on fish 
populations.   
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Introduction 
It is widely recognised that, despite their many valuable ecosystem services (e.g. Costanza et 
al., 1997; 2007; Sheaves et al., 2014), temperate estuaries are the most degraded of all 
aquatic ecosystems (Jackson et al., 2001). Furthermore, the limited tidal water movement, 
highly seasonal rainfall and ephemeral connection to the ocean, which are characteristics of 
estuaries in south-western Australia, results in deleterious anthropogenic influences having a 
greater impact (Tweedley et al., 2014b; Potter et al., 2015b). Given their ‘natural 
susceptibility’ to environmental degradation and the effects of increased urbanisation and 
eutrophication, together with the influence of climate change, it is unsurprising that the 
environmental health of some of these systems has been shown to have declined (Wildsmith 
et al., 2009; 2011; Tweedley et al., 2012). One such system that has experienced a suite of 
deleterious anthropogenic impacts is the Vasse-Wonnerup Estuary (Commonwealth of 
Australia, 2002). These anthropogenic influences have led to a multiplicity of detrimental 
effects, including increases in the prevalence of eutrophication, algal blooms, anoxia, fish 
kills, undesirable odours, mosquito problems and the death of fringing vegetation (Lane et 
al., 1997; Brearley, 2005). Fish kills, in particular, occur regularly in the Vasse-Wonnerup, 
with reports of such events dating back to 1905 and the causes ranging from anoxia, high 
temperatures, macroalgal blooms and/or toxic phytoplankton (Lane et al., 1997; Hart, 2014). 
A particularly large fish kill occurred in April 2013 and resulted in the death of > 30,000 fish, 
primarily adult Sea Mullet Mugil cephalus, Yelloweye Mullet Aldrichetta forsteri and Black 
Bream Acanthopagrus butcheri (Kath Lynch, Department of Water, pers. com.). The two 
mullet species are the target of commercial fishers, while the vast majority of recreational 
fishers who utilise the Vasse-Wonnerup target Black Bream, which is an iconic recreational 
fish species in estuaries across southern Australia (Kailola et al., 1993; Potter et al., 2015b). 
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Although the loss of any animals in a fish kill is unwelcome and should be avoided at all 
costs, populations of the mullets in the Vasse-Wonnerup were not thought to be ‘at risk’ due 
to the life cycle of these two species. Both the Sea and Yelloweye mullets spawn in nearshore 
coastal waters and their juveniles recruit into estuaries, when available, to utilise these 
sheltered and food-rich waters as a nursery area (Chubb et al., 1981; Whitfield et al., 2012) 
and are thus termed marine estuarine-opportunists (Potter et al., 2015a; 2015b). Therefore, if 
the population in an estuary declines due to natural or anthropogenic effects, the estuarine 
population of the species can recover through the immigration of juvenile and adult fish from 
the marine environment. In contrast, Black Bream are regarded as a solely estuarine species 
(Potter et al., 2015a; 2015b) and thus individuals of this species complete their life cycle 
within their natal estuaries, which they seldom leave. Not only has this life history strategy 
resulted in populations of Black Bream in different estuaries being genetically distinct from 
one another (Chaplin et al., 1998), but it also means that if the population in an estuary 
declines, that population will not be supplemented with individuals from elsewhere.  
Results from monitoring of Black Bream populations in the Vasse-Wonnerup conducted after 
a major fish kill in April 2013, showed very little evidence of recruitment of Black Bream 
later in that year or in the following year (i.e. 2014; Tweedley et al., 2014a; Cottingham et 
al., 2015). It was unclear, however, whether this was due to the quality of the environment at 
the time of spawning not being conducive for survival of the eggs and larvae or to a lack of 
adult fish and therefore whether recruitment would continue to fail in the future. It was thus 
concluded that ongoing monitoring of the Black Bream population in this system was 
necessary to determine whether recruitment continued to fail (Cottingham et al., 2015). In 
light of the above, this study aimed to non-destructively survey the shallow, nearshore and 
deeper, offshore waters of the Vasse-Wonnerup in November 2015 and February 2016 to 
determine whether there has been any recruitment of juvenile Black Bream and to compare 
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the relative abundances of both the juveniles and adults with those derived from data 
collected prior to and after the fish kill. 
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Materials and methods 
Sampling regime 
A total of eight sites in both the shallow, nearshore and deeper, offshore waters of Wonnerup 
Inlet and the Deadwater regions of the Vasse-Wonnerup were sampled in November 2015 
and February 2016 (Fig. 1). The nearshore waters were sampled using a seine net that was 
21.5 m long, consisted of two 10 m long wings (6 m of 9 mm mesh and 4 m of 3 mm mesh) 
and a 1.5 m long bunt made of 3 mm mesh. The seine net, which was laid parallel to the 
shore in a depth of 1.5 m and then hauled onto the beach, swept an area of 116 m
2
. Two 
replicate samples were collected at each site, on each sampling occasion. Adjacent offshore 
waters were sampled using a sunken composite multifilament gill net comprising eight 20 m 
long panels, each with a height of 2 m and containing a different stretched mesh size, i.e. 35, 
51, 63, 76, 89, 102, 115 or 127 mm. Gill nets were set for one hour to minimise any fish 
deaths and allow the release of fish alive to the water. The data collected during the current 
study were combined with those recorded by Tweedley et al. (2014a), Beatty et al. (2014) 
and Cottingham et al. (2015) previously at the same sites in this system. 
 
Statistical analyses 
The mean density of Black Bream (i.e. fish 100 m
-2
) from 21.5 m seine net samples collected 
from the nearshore waters of the Wonnerup Inlet and Deadwater regions of the Vasse-
Wonnerup in November 2015 and February 2016 were calculated and combined with those 
collected previously using identical methods and at the same sites seasonally between 
February 2012 and May 2015. Note that only those two regions were included in the analyses 
as 1,605 of the 1,608 (i.e. 99.8%) Black Bream recorded by Tweedley et al. (2014a) during 
the earlier study were recorded in those regions. These univariate data were then square-root 
transformed and used to construct a Euclidean distance matrix, which was, in turn, subjected 
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to a two-way Permutational Analysis of Variance (PERMANOVA; Anderson et al., 2008) to 
identify whether the density of Black Bream differed among sampling occasions (16 levels) 
and regions (2 levels). Note that, while a three-way crossed design using separate main 
effects for both season and year (together with region) would have produced a simpler result, 
this design was not able to be used due to not all seasons being sampled in 2015 (3 of 4) and 
2016 (1 of 4). Both sampling occasion and region were considered fixed and the null 
hypothesis of no significant differences was rejected when the P-value was < 0.05. When a 
significant difference in any main effect or interaction term was detected, a pairwise 
PERMANOVA was conducted to identify the particular pairwise comparison(s) that were 
responsible for the difference. This was supplemented by examining back transformed plots 
of the marginal means. In this analysis, particular focus was placed on comparing the relative 
abundance of Black Bream in November 2015 and February 2016 to the previous data. 
As with the above density data, PERMANOVA was employed to identify whether the catch 
rate (i.e. fish hr
-1
) of Black Bream differed spatially or temporally in the deeper, offshore 
waters. Note that, unlike the data from the nearshore waters, sampling in the offshore waters 
was only undertaken after the fish kill in April 2013 and thus the number of levels in the 














Figure 1. Map showing the location of sites in the shallow, nearshore (< 2 m) and deeper, offshore 
(> 2 m) waters of Wonnerup Inlet and the Deadwater at which fish were sampled in November 2015 
and February 2016. Insets (top left) show the location of the Vasse-Wonnerup in Western Australia 





Black Bream abundance in nearshore waters 
Densities of Black Bream recorded in the shallow, nearshore waters of Wonnerup Inlet and 
the Deadwater were shown by PERMANOVA to differ significantly among both sampling 
occasions and regions, but not for the interaction between these two main effects (Table 1). 
The far larger values for the components of variation indicated that sampling occasion (319) 
explained a much greater proportion of the variance than region (40). A pairwise 
PERMANOVA test comparing the density in each pair of sampling occasions demonstrated 
that they generally fell into one of two groups (Table 2). The first group contained sampling 
occasions in February, May and November 2012, February 2013 and November 2014 where 
densities ranged from 7 to 37 Black Bream 100 m
-2
. In contrast, the other group comprised 
the remaining nine sampling occasions, where densities were consistently lower, i.e. ≤ 1 
Black Bream 100 m
-2
 (Fig. 2).  
The mean density of Black Bream underwent a conspicuous seasonal trend in the sampling 
occasions before the fish kill, i.e. February 2012 to February 2013. Densities were highest in 
February 2012 (37.4 Black Bream 100 m
-2
), before progressively declining through May to a 
minimum in August (0.3 Black Bream 100 m
-2
), then subsequently increasing through 
November to a second peak in February 2013 (28.8 Black Bream 100 m
-2
; Fig. 2). In the 
sampling occasion immediately after the fish kill, densities of Black Bream had declined to 
< 0.2 100 m
-2 
and remained at very low levels (i.e. < 1 Black Bream 100 m
-2
) or were not 
recorded for the next six sampling occasions, over an 18 month period. Limited numbers of 
Black Bream were recorded in November 2014 and individuals were also recorded, albeit in 
lower densities in February and May 2015 (Fig. 2).  
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The samples collected in the current study, i.e.  November 2015 and February 2016, were 
found to yield statistically similar densities of Black Bream to each other and to those 
recorded in four of the five seasons prior to the fish kill. Moreover, the densities in these most 
recent seasons were significantly greater than all those recorded in sampling occasions after 
the fish kill (i.e. May 2013 – May 2015). 
Among regions, the densities of Black Bream were slightly greater at sites in the Deadwater 
(~9 fish 100m
-2




Table 1. Mean squares (MS), pseudo-F ratios, components of variation (COV) and significance levels 
(P) from a two-way PERMANOVA test on the data for the density of Black Bream (fish 100 m
-2
) 
recorded in the shallow, nearshore waters of the Wonnerup Inlet and Deadwater regions of the Vasse-
Wonnerup in each season between February 2012 and May 2015 and in November 2015 and February 
2016. df = degrees of freedom. Significant results are highlighted in bold. 
 
Main effects df MS Pseudo-F COV P 
Sampling occasion 15 5643 10.39 318.79 0.001 
Region 1 5651 10.40 39.91 0.001 
Interactions      
Sampling occasion x Region 15 871 1.60 41.01 0.056 




Table 2. Pairwise t-statistic values and significance levels (P) for a pairwise PERMANOVA test on 
the data for the density of Black Bream (fish 100 m-2) recorded in the shallow, nearshore waters of 
the Wonnerup Inlet and Deadwater regions of the Vasse-Wonnerup in each season between February 
2012 and May 2015 and in November 2015 and February 2016. Insignificant pairwise comparisons 
are highlighted in grey. 
 
    2012 2013 2014 2015 
    Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov Feb May Nov 
2012 
May 1.46   
             Aug 2.57 4.29 
             Nov 1.07 1.26 2.47   
           
2013 
Feb 1.96 1.44 6.33 2.55   
          May 2.76 4.73 0.30 2.76 6.99 
          Aug 2.25 3.63 0.59 1.96 5.48 0.91 
         Nov 3.18 5.75 1.79 3.54 8.34 2.04 2.18   
       
2014 
Feb 2.94 5.17 1.00 3.12 7.51 0.98 1.51 1.00   
      May 3.18 5.75 1.79 3.55 8.33 2.05 2.18 0.00 1.00 
      Aug 3.18 5.75 1.79 3.55 8.33 2.05 2.18 0.00 1.00 0.00 
     Nov 1.71 2.68 1.56 1.15 4.33 1.92 0.95 3.05 2.43 3.05 3.05   
   
2015 
Feb 1.99 3.13 1.10 1.55 4.88 1.44 0.50 2.64 2.00 2.64 2.64 0.46 
   May 2.26 3.74 0.44 2.05 5.57 0.74 0.22 1.94 1.30 1.94 1.94 1.07 0.64 
  Nov 0.98 0.52 3.63 0.99 1.44 3.97 3.09 4.77 4.32 4.77 4.77 2.24 2.66 3.17   





Figure 2. Mean density of Black Bream (fish 100 m
-2
) recorded from 21.5 m seine nets in the 
shallow, nearshore waters of the Wonnerup Inlet and Deadwater regions of the Vasse-Wonnerup in 
each season between February 2012 and May 2015 (light grey and taken from previous studies) and in 
November 2015 and February 2016 (dark grey and collected during this study). Error bars represent 




Black Bream abundance in offshore waters 
Catch rates of Black Bream in the deeper, offshore waters of the Wonnerup Inlet and 
Deadwater regions of the Vasse-Wonnerup were shown by two-way PERMANOVA not to 
differ significantly among sampling occasions, regions or the two-way interaction term 
(Table 3). The trend in catch rates among sampling occasions, is shown in Fig. 3. This 
demonstrates that there is no clear trend in catch rate of Black Bream since the fish kill, with 
average catch rates ranging from 8-18 Black Bream hour
-1
, but with the variability being 
relatively high. Catch rates were slightly greater in the Deadwater (13 fish hr
-1
) than 
Wonnerup Inlet, however, once again the large amount of variability (~ ± 3 fish hr
-1
) resulted 


















































Table 3. Mean squares (MS), pseudo-F ratios, components of variation (COV) and significance levels 
(P) from a two-way PERMANOVA test on the data for the catch rate of Black Bream (fish hour
-1
) 
recorded in the deeper, offshore waters of the Wonnerup Inlet and Deadwater regions of the Vasse-
Wonnerup in each season between the August 2013 and May 2015 and in November 2015 and 
February 2016. df = degrees of freedom. Significant results are highlighted in bold. 
 
Main effects df MS Pseudo-F COV P 
Sampling occasion 9 407 0.84 -9.87 0.602 
Region 1 491 1.01 0.13 0.357 
Interactions      
Sampling occasion x Region 9 413 0.85 -18.26 0.596 









Figure 3. Mean catch rate of Black Bream (fish hour
-1
) recorded from gill nets in the deeper, offshore 
waters of the Wonnerup Inlet and Deadwater regions of the Vasse-Wonnerup in each season between 
the August 2013 and May 2015 (light grey and taken from previous studies) and in November 2015 


















































Black Bream size distribution 
Of the 145 Black Bream recorded in the nearshore waters, using a 21.5 m seine net, the 
smallest fish measured 54 mm total length and the largest 159 mm, whereas the smallest of 
the 171 Black Bream recorded from the offshore waters, using gill nets, was 170 mm and the 
largest 386 mm. Thus, there was no overlap in size range between fish recorded in the 
shallow, nearshore and deeper, offshore waters (Fig. 4).  
 
Figure 4. Length-class frequency distribution for Black Bream from the Deadwater and Wonnerup 
Inlets regions of the Vasse-Wonnerup derived from data collected using 21.5 m seine net in February 


























Data from previous sampling of the shallow, nearshore waters in the Deadwater and 
Wonnerup Inlet strongly indicated that the abundance of predominantly juvenile (i.e. 0+) 
Black Bream declined dramatically after the April 2013 fish kill (Fig. 2; Tweedley et al., 
2014). Worryingly, not only did the kill result in the death of juvenile Black Bream, i.e. those 
spawned in winter 2012, but it was also followed by 18 months (covering two spawning 
periods) of almost zero catches before even low numbers of juveniles were recorded in late 
2014 and early 2015 (Cottingham et al., 2015). The presence, however, of substantial 
numbers of juvenile Black Bream (~ 60 mm total length) collected during November 2015 
and again in February 2016 clearly demonstrate that the recruitment in 2015 was successful. 
Moreover, there was no significant difference in the densities of Black Bream recorded 
during the current study and on four of the five sampling occasions before the major fish kill. 
These results, while encouraging, should be viewed with caution, as this does not mean that 
the population has recovered to pre-fish kill levels, just that recruitment was a success and of 
a similar strength to that recorded in 2011 and 2012. Due to the fish kill, and the absence of 
particular cohorts, Cottingham et al. (2015) were unable to accurately determine the length 
and age at maturity, however, it is likely to occur around 163 mm and 2.6 years. Therefore, 
the 0+ fish in the system must survive for at least two to three years before being able to 
spawn and thus avoid any future deleterious environmental perturbations over that period.  
While in most estuaries recruitment of Black Bream occurs in most years, the magnitude of 
that recruitment can be highly episodic. For example, in the Blackwood River Estuary, Black 
Bream recruitment was unsuccessful in each year between 1999 and 2008 and thus spanning 
a ten year period (Gardner et al., 2013). Episodic recruitment in the Gippsland Lakes in 
eastern Australia, was related to inter‐annual differences in the environment, and particularly 
the extent of salinity stratification and freshwater flow (Jenkins et al., 2010; Potter et al., 
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2015), while longer-term trends in the annual commercial catch rates were shown to reflect 
the loss of habitat and changes in management (Department of Primary Industry, 2010).  
From the year class strengths from Black Bream in the Vasse-Wonnerup Estuary, the data 
provided by Tweedley et al. (2014) suggested that Black Bream recruitment in the Vasse-
Wonnerup occurred, to some extent, in each year since 1998 (the oldest fish aged by these 
authors). The consistency among years in terms of annual recruitment may be related to the 
fact that the physical-chemical environment in the Deadwater (the main breeding habitat 
discovered during the acoustic track study; Beatty et al. in prep) would be more similar each 
year than in, for example, a ‘normal’ estuary which receives inter-annual variations in the 
timing and volume of freshwater discharge. 
Two theories were proposed to explain the lack of recruitment following the fish kill, (1) that 
the spawning stock biomass had been depleted to the point where there were fewer 
individuals to rapidly replenish the population or (2) that environmental conditions within the 
estuary were not conducive to the survival of the eggs and larvae (Cottingham et al., 2015). 
The first hypothesis is thought to be the reason why populations of the Western School Prawn 
(Metapenaeus dalli) have not recovered in the Swan-Canning Estuary, despite a massive 
reduction in commercial and recreational fishing pressure since the 1970s and 1990s, 
respectively (Maher, 2002; Smith et al., 2007). However, the fact that much greater 
recruitment was detected during the current sampling in 2015/16, compared to in the two 
years prior, despite no increase in the catch rates of larger and sexually mature Black Bream 
(i.e. those recorded in the gill nets), suggests that the recent recruitment failure was not due to 
a reduction in the number of adult fish. However, we note that there is a lack of offshore 
sampling data prior to the fish kill that may have shown a decline in the relative abundance of 
large fish associated with the fish kill event. Nonetheless, environment variables are likely to 
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be a major reason for the poor recruitment in the winters and springs of 2013 and 2014.  
However, there are currently not enough data to correlate recruitment strength to 
environmental variables, such as freshwater discharge and prey availability, which have 
shown to be influential in other systems. 
Data from the offshore waters suggest that the catch rates of larger Black Bream (i.e. > 160 
mm total length) have not increased and remain at the levels recorded immediately after the 
fish kill. This is due to the fact that in order to be recorded in the gill nets fish need to be at 
least 100 mm total length and so the loss of the 0+ fish in the fish kill and the subsequent 
failure of the recruits since that event would have prevented ‘new’ fish reaching that size and 
that recruitment from elsewhere was unlikely to occur given the life history strategy of Black 
Bream.  
While the results of this study are encouraging, the Black Bream population in the Vasse-
Wonnerup is likely to remain under pressure and it is recommended that the monitoring 
regime undertaken in this project is continued into the future. Thus, sampling should occur in 
spring (November) and summer (February) and continue to add to the existing dataset. 
Although the focus of such a monitoring program should be on juvenile Black Bream, to 
assess whether or not recruitment has been successful, there is value in continuing to sample 
the deeper waters. This would enable the survival of the 0+ cohorts to be tracked and assess 
whether the population of sexually mature individuals is increasing. Together, continued 
sampling of the Black Bream populations of the nearshore and offshore waters will provide 
substantive evidence to determine whether the population is recovering and also to help 
elucidate the factors related to good and poor recruitment success and ensure a viable Black 
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Vision for the future: a family fishing for Black Bream in Wonnerup Inlet and James Keleher from 
Murdoch University holding a 43 cm Black Bream caught (and released) in the Deadwater. 
Photographs by James Tweedley. 
 
